NPR1 gene was transformed into Siraitia grosvenorii (Swingle) C. Jeffrey ex. A.M. Lu and Zhi Y. Zhang by germ cell in situ transformation. Ovary injection, cutting chapiter, and chapiter spreading treatments were applied in this study. The transgenic plants were selected using hygromycin screening and confirmed by PCR testing, genome integrated with NPR1 gene in transgenic plants was analyzed by Southern hybridization. Results showed that three treatments could produce transgenic plants. Some of the transgenic plants were selected for tobacco mosaic virus inoculation testing, which showed a higher level of resistance to tobacco mosaic virus than non-transgenic controls.
Introduction
Germ cell in situ transformation is a plant transgenic technique by which exogenous DNA can directly be transferred into plants (Zhou et al. 1983) . Its main principle is that, after pollination, exogenous DNA injected into the ovary or passed along the pathway of pollen tube into the nucellus, entered to the embryonic sac and then integrated with the genome of zygote or early embryonic cells, and finally developed into transformed seeds. This method has high transformation efficiency, and acts on receptors that are spread throughout the organism. It provides a simple means of plant genetic transformation , Liu et al. 2009 ).
Systemic acquired resistance (SAR) is a series of complex and effective defense mechanisms that can be gradually acquired as the plant struggles against pathogens. Recent research has demonstrated that non-expressor of pathogenesis-related gene-1 (NPR1) gene contributes considerable regulation to SAR (Tada et al. 2008) . NPR1 is also a key regulator of downstream resistance genes, it regulates the occurrence of plant resistance across a broad spectrum of pathogens, conferring on plants resistance to bacterial and fungal pathogens (Dong 2004 , Rochon et al. 2006 , Yuan et al. 2007 . Over-expression of NPR1 gene enhanced plant disease resistance but caused no other adverse reactions (Chern et al. 2005 , Malnoy et al. 2007 .
Siraitia grosvenorii (Swingle) C. Jeffrey ex. A.M. Lu and Zhi Y. Zhang belongs to Cucurbitaceae. It has a long history in Chinese traditional medicine and used as a sweetener in Chinese cuisine (Li et al. 2004, Zhang and Li 2011) . In conventional breeding, S. grosvenorii diseases can be important limiting factors affecting the yield in S. grosvenorii production (Cai et al. 2011) . In the present study, NPR1 gene was transferred into S. grosvenorii by germ cell in situ transformation in the hope of obtaining transgenic plants. It may allow breeders to offer elite resistant varieties and provide a new technical reference for the genetic engineering of S. grosvenorii.
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Materials and Methods
The binary vector used in this experiment was pCaMVNPR (Fig. 1) , consisted of NPR1 gene, obtained from Arabidopsis thaliana, under the control of CaMV 35S promotor with a CaMV 35S terminator as described in earlier report (Qin et al. 2005) . Green S. grosvenorii plants were provided by S. grosvenorii plant base of Lingui County, Guilin City, Guangxi, China. A large amount of plasmid DNA was extracted using the alkaline lysis method (Osborne et al. 2005) . S. grosvenorii plants were grown in soil-based compost under natural conditions (Guilin China). To prevent pollen contamination, the female flower buds were bagged before flowering. Three treatments of Germ cell in situ transformation were performed in this study, they are ovary injection, cutting chapiter, and chapiter spreading. Ovary injection was performed in 4, 8, 12, 16, and 20 hrs after artificial pollination, plasmid DNA was injected into ovary by microinjector. Cutting chapiter was performed in 2 hrs after artificial pollination, 1/3 of the length of stigma was cut out by using a sterile blade, plasmid DNA was dropped into the incision by glass capillary tube. Chapiter spreading accomplished by dropping pollen onto stigma directly, pollen was treated with a solution of plasmid DNA and mannitol before use. After each treatment, we measured fruit set as the percentage of flowers that produced fruit, and harvested first generation seeds when all fruits had matured.
The selection antibiotic hygromycin was used in the culture medium to optimize the level of selection for transgenic seedlings. Non-transgenic seeds were budded on selection medium with different concentrations of hygromycin to determine its resistance. Seven concentration gradients of hygromycin were set, including 0, 5, 10, 15, 20, 25 , and 30 mg/l, and the experiment was repeated three times with similar results. According to the results of hygromycin sensitivity experiment, the first generation seeds were budded on the selection medium containing 15 mg/l hygromycin. Three weeks later, normal resistant seedlings were transferred to MS without hygromycin and incubated at 25 ± 2°C under a light at 1500 lux for 16 hrs per day. Resistant seedlings that grew to a height of 8 -10 cm were transplanted to soil under greenhouse conditions for further analysis.
Total genomic DNA was isolated from young leaves of transgenic and non-transgenic plants using the cetyl trimethyl ammonium bromide (CTAB) method (Osborne et al. 2005) . Upstream and downstream primers were designed according to the sequences of the NPR1 gene (Upstream primer: 5′-TCG GAA CCT GTT GAT GGA CAC-3′ and downstream primer: 5′-GTG GCT CCT TCC GCA TCG C-3′). The PCR reaction system contained 1 µl template DNA, 2 µl upstream and downstream primers, 0.5 µl dNTP, 3 µl 10 × buffer, 0.5 µl Taq enzyme, and distilled water to a total volume of 25 µl. The PCR amplification program began with predenaturation at 95°C for 5 min followed by 35 cycles of denaturation at 94°C for 30s, annealing at 55°C for 30s, and extension at 72°C for 3 min; after which the reaction mixture was maintained at 72°C for 10 min, and the reaction was quenched at 4°C. The PCR products were detected using electrophoresis on 1% agarose gel. PCR positive plants were subjected to further Southern hybridization to confirm transgene integration. Total DNA extracted from leaves of the transgenic and non-transgenic S. grosvenorii plants were fully digested by HindIII and separated by 0.8% agarose gel electrophoresis. The DNA fragment was transferred to a positively charged nylon membrane. An NPR1 gene fragment was used as a probe, it was obtained by PCR amplification using pCaMVNPR1 as the template and labeled with digoxigenin. Pre-hybridization, hybridization, membrane washing, and immunological detection were carried out successively accordance to Sambrook et al. (2002) .
For inoculation testing, leaves of S. grosvenorii infected with tobacco mosaic virus were immersed in phosphate buffer (PBS, pH 7.4) at a ratio of 1 : 10 (Leaf mass : buffer volume). They were then ground with a mortar and pestle into fine powder in an ice bath. The supernatant was collected by centrifugation at 4000 rpm, and used as a source of inoculation toxicant. Southern blot positive transgenic plants were inoculated at random according to virus sap rub inoculation method (Du et al. 2004) . The phenotypes of the inoculated plants were noted at different post inoculation times.
Results and Discussion
Hygromycin had a significantly inhibition on seed germination and radicle growth. The germination rate gradually decreased as the hygromycin concentration increased. Seeds germinated and grew normally in the culture medium without hygromycin. However, in the culture medium containing 5 mg/l hygromycin, only a few seeds germinated but with a short time lag, and finally they stopped growing when the radicles reached 0.1 cm in length. When the concentration of hygromycin was increased to 10 mg/l, only a few seeds germinated, but failed to grow. When the concentration of hygromycin reached 15 mg/l, there was no visible sign of germination. In this way, 15 mg/l of hygromycin was confirmed as the optimal concentration for resistance selection (Table 1) . Three transformation treatments were used in this experiment. The results of ovary injection treatment showed that injection performed at different time after pollination was caused in different transformation rates, as it is showed in Table 2 , we could conjectured that the pollination process of S. grosvenorii was similar to that of watermelon (Liu et al. 1994) . At 12 hrs after pollination, the transformation rate was 11.5% (Table 2 ). Molecular detection results showed that cutting the chapiter and chapiter spreading had a significantly lower transformation rate than ovary injection. Their transformation rates were 2.9 and 1.3%, respectively (Table 2) . Based on transformation efficiency, the ovary injection treatment was found to be the best, 12 hours after pollination was confirmed to be the optimal injection time for transformation. Resistant plants were selected from three treatment groups using hygromycin and subjected to PCR detection and then electrophoresis. The PCR products of plasmid DNA (pCaMVNPR) and non-transgenic plants served as control samples. Specific bands amplified from genomic DNA of transgenic plants were consistent with bands amplified from positive plasmid DNA (1.1 kb), but the non-transgenic plants did not produce any bands (Fig. 2) . Transformed plants confirmed to be positive under PCR detection were subjected to further Southern blot analysis to confirm the integration and the copy number of transgenes in transgenic S. grosvenorii. The results showed that the non-transformed plants produced no hybridization signals, but all the transformed plants did (Fig. 3) . This indicated that the NPR1 gene was integrated into the S. grosvenorii genome.
Inoculation testing and field observation showed that transgenic plants had considerably high and stable horizontal resistance to tobacco mosaic virus, and grew very well. Contrarily, the nontransgenic plants exhibited typical mosaic virus disease symptoms 7 -10 days after inoculation (Fig. 4) . These observations clearly confirm that NPR1 expression can provide significant protection against tobacco mosaic virus, all of these phenotype have been found to be correlated with the expression of NPR1 (Vilas et al. 2010, Vijayan and Kirti 2012) . In summary, the results present in this study confirm that expression of NPR1 in S. grosvenorii leads to enhanced resistance to tobacco mosaic virus, the transformants appeared normal in their growth and development. These results also suggest that Germ cell in situ transformation provide an effective tool to obtain transgenic plant, it may be applied to any flowering plants so long as the plant's flowering habits, flower structure, pollination and fertilization time are known. Regardless, we have successfully produced transgenic plants of S. grosvenorii by transforming NPR1 gene via Germ cell in situ transformation. Our work may provide technical reference for S. grosvenorii and other flowering plants in genetic engineering breeding.
